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(57) Abstract 

A semiconductor device comprises at least one metal interconnect layer, a titanium-based barrier layer in contact with the 
metal interconnect layer* The metal interconnect layer contains titanium in an amount up to the limit of solid solubility at the per- 
itectic temperature. The arrangement is effective to reduce hillock, spike, and notch formation in the semiconductor device. 
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This limit of solid solubility can be estimated by 
looking at various aluminum-titanium phase diagrams 
shown in figures 14a to 14g. 

Table 4 summarizes published wt % Ti solubility 
5 limits at the eutectic temperature of 665. 1°C, at the 
peritectic temperature of 660.4«C f at the TiN barrier 
limit temperature of 550 which is the highest 
temperature that TiN can see before aluminum 
penetration and attack, and at the metallization limit 
10 temperature of SOO'C which is the highest temperature 
that the semiconductor device will see during and/or 
after aluminum metallization. 

TABLE 4 

Sample No. 665.1-C 660.4'C 550-C 500-C 

,_ « 0.15 >1.00 ? ' 

15 , 0.19 0.28 <0.20 <0.20 

3 0.05 0.29 0.16 0.14 

4 0.15 1.20- ? ; 
- 0.15 1.18 0.37 0.20 



5 



<? ? 



f. 0.15 0.32 

20 6 0- i5 1Q8 04(J Q.22 

3 0.15 1.08 0.40 0.22 

9 

10 



25 11 ? 1,25 



0.16 ? I I 

0.15 1.00 ? I 



This table shows that up to 0.19 wt % Ti can enter 
in solution in the aluminum alloy melt at the eutectic 
temperature of 665. 1«C; that titanium supersaturated 
aluminum alloy solid solution containing up to about 
30 1.25 wt % Ti can be obtained at the peritectic 

temperature of 660. 4-C; and that up to about 0.40 wt % 
Ti can dissolve at 550°C and that up to about 0.22 wt % 
Ti can enter solid solution at 500"C. 

The bulk resistivity of pure aluminum is 2.65 
35 M n.cm at r om temperature. Th bulk resistivity of 
aluminum-titanium alloys increases at a rate of 2.88 
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Claims: 



1. a semiconductor device characterized in that 
it comprises at least one metal interconnect layer, a 
metal compound based barrier layer in contact with said 
metal interconnect layer, and said metal interconnect 
layer containing said metal of said compound in an 
amount up to the limit of solid solubility at the 
peritectic temperature. 

2. X semiconductor device as claimed in Claim 1, 
characterized in that said titanium-based barrier layer 
is titanium nitride. 



3. A semiconductor device as claimed in claim l 
or 2 characterized in that said metal interconnect 
layer is selected from the group consisting of: 

15 aluminum, gold, tungsten and copper. 

4. a semiconductor device as claimed in Claim 2 
or 3, characterized in that the titanium nitride in 
said barrier layer is a stoichiometric single-phase, 
face-centered ff-TiN. 



5. A semiconductor device as claimed in Claim 2 
or 3, characterized in that the titanium nitride in the 
barrier layer is non-stoichiometric single phase face- 
centred cubic 5-TiN. 

6. A semiconductor device as claimed in Claim 2 
25 or 3, characterized in that the titanium nitride in the 

spike suppression layer is tetragonal e-Ti 2 N. 

7. A semiconductor device as claimed in Claim 2 
or 3, characterized in that the titanium nitride in the 
barrier layer is a s lid solution of two or more of the 

30 compounds s 1 cted from the group consisting of: 
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stoichiometric single phas , face-centred cubic 5-TiN; 
non stoichiometric single phase face-centr d tf-TiN; and 
tetragonal e-Ti2N. 

8. A multilayer semiconductor device 

5 characterized in that it comprises first and second 
aluminum alloy interconnect layers, a titanium nitride 
barrier layer over said first aluminum alloy 
interconnect layer, and a dielectric layer over said 
barrier layer, said first aluminum alloy interconnect 
10 layer containing titanium in an amount between 0.05 wt 
% and the limit of solid solubility at the peritectic 
temperature. 

9. A multilayer semiconductor device as claimed 
in Claim 8, characterized in that the amount of 

15 titanium on the first interconnect layer is less them 
0.4 wt %. 

10. A multilayer semiconductor device as claimed 
in Claim 8 or 9, characterized in that titanium nitride 
in the barrier layer is stoichiometric single phase, 

20 face-centred cubic £-TiN. 

11. A multilayer semiconductor device as claimed 
in Claim 8, characterized in that the barrier layer is 
a non-stoichiometric single-phase, face-centred S-TiN. 

12. A multilayer semiconductor device as claimed 
25 in Claim 8, characterized in that the titanium nitride 

in the barrier layer is tetragonal e-Ti2N. 

13. A multilayer semiconductor device as claimed 
in claim 8, characterized in that the titanium nitride 
in the barrier layer is a solid solution of two or more 

30 compounds selected from the group consisting of: 

stoichiometric single phase, face-centred cubic f-TiN, 



